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ABSTRACT 

In this  invrstigatioII  the  almual  frequency  data  for  typhoons and hurricanes  during  the 1886-1958 period  arc 
examined in search of cycles, trends, and space  correlatious.  The  results  are  largely  negative. In spite of this  fact, 
it was felt that,, for thc benefit of othc,r investigators intc,rested ill this  topic,  it  might  be  worth while to  outline  t,he 
analysis procedures followd  and  to prwvnt the  results which were ohtairlcd. We have  taken  a  rather  qualitative 
approach in our analysis of the  hurricane and typhoon  data.  Howevrr, in vie\\- of the character of t,he basic data  
we doubt  that, rnorr rnranirlgful results could have  heen  obtained  by a strict  application of stat,istical  techniques. 

1. INTRODUCTION 

Climatological records show  that’  tlle  nulllber of tropical 
cyclones originating  in  the  intlividual  formation areas 
varies appreciably  from year to year. These  fluctuations 
do not  appear to be corrlplctely ritrldom. and  t,llere arc 
periods RS long as 10 years  when  the t~vcrage activity in 
given areas m a > -  b e  significantly  nbove or below the  long- 
term average. The  interannual  changes  in  the I’recpcncy 
of tropical  cyclones are  thought^ to  be influenced  to  some 
degree by  vsriat’ions  in  the  chwracteristics of the 1:rrgc- 
scale tropospheric flow patterns of the  at~rn~spherc~ [C;], [ I ] .  
The mean trough and ridge  positions t m d ,  perhaps to 
lesser extent,  the  strength of the circunlpoltir  circuhtiorl 
often show arlondous  features which  persist  for n whole 
season or longer [ 5 ] .  It is  reasonable  to  expect  thilt, 
anomalous features of this  type  may  contribute tow:trtl 
increased tropical cyclogenesis i n  some 2tre:Ls tlnd t,ow:trd 
decreased wtivity in others.  There rnRy b e  other f:wt’ors, 
such as t’he  sea  surfwe temperature, which  would  influence 
large areas in  the same sense. 

Relativelv  little  has been (lone in  correlating tllc 
seasonal and  longer-term  variations  in  tropical cyclonc 
activity in  one  geographical arca with  those  found irl other. 
areas t’hrougllout the  world.  Studies of this  type have 
undoubtedly been h n p e r e d  by the  lack of conlprchcrlsive 
compilations of tropical  cyclone  statistics on n world  wide 
basis. Information  on  t’ropictd  cyclone  frequencies tnkerl 
from the  t’rack ctlrtrt,s prepared  by  irldivitlud  nleteorologi- 
cal services througl~out~  the world llavc i L  nunlhcr of 
weaknesses. ‘The  dtLt,a coverage lor the  ocean arcas is 
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1 The  reserrch  which  led  to  the  preparation of this  report was conductfd  under a con- 

a Now at  Department of Meteorology  and  Occanography, Ncw York University, S c w  

llruch more  complete  in some areas and  during some tilue 
periods t,llarl in  others,  and perhaps more  important,  the 
classification  criteria  for  tropical  cyclones  list,ed  in  tlle 
vttrious  set,s of track  charts  have  not  been  standardized. 

Within  recent ycttrs considerable egort has been  devoted 
to the prcpmatiorl of thoroughly  checked  tropical cyclone 
tracks for t’he  Northern  Hemisphere  portions of the 
Atlantic  and  western  Pacific Oceans covering periods of 
about 70 years. With  the data available from these 
trRCk charts,  it,  is  now  possible  to  irlvest,igat,e  correlations 
het>ween  tropical  cydorle  frequencies  in  the  Atlantic and 
Pacific arew and betwecrl individual  regions  within  t,hese 
larger t~rcas. This  report  presents the results of an 
invcstigttt’ion of this  type. 

2. DATA SELECTION 

The hasic dat: t  sources €or this  investigation have been 
tlle  recently  published t’raclcs of  hurrictmes  prepared by 
(ky, Hrrggartl, and White [3]  and of typhoons  prepared by 
C%in [ 2 ] .  The  individual  storm  tracks  shown  in  these 
publications  were  checked as ctwefully as possible  using 
various source rrutterids.  An  at’ternpt WRS made  to 
sepnratc  the  tropical  cyclones wllich did  not  reach  hurri- 
cane intensity from those which did,  and also to irldicat’e, 
thc point  at’  which  each  storru  reached  hurricane  intensity. 
‘I’hcrc is no doubt  that  subject’ive  judgment  was  required 
in  rnmy cases in  prescribing t h e  tracks and  in  indicating 
the stornl  intensity.  However, in view of tlle effort 
which  went, irlt,o the  preparation of the  tracks, we have 

3 The  term  “hut’ricanr”  will always he  used  in  referring to tropical cyclones  in  tlle 
~~tlantir-Carihhean-Oulf of Mexico area and “t,yphoon” will bo used only for tropical 

storm  strength we will use the  term  “hurricane  intensity”  in  referring  to  storms in any 
cyclones  in t l ~ c  western North  Pacific-South  China S w  area.  However,  in considering 

awn. Tropical cyclones arc  considered  to bc of hurricane  intensity if thc  maximum  wind 
spceds exceed 74 m.p.h. 
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FIGURE l.-The Atlantic  regional  subdivisions uscd in  this study. 'I'hc avcrngc: nurnbcr of storms o f  hurricane intcrlsit,y forming  in each 
region during  the 1886-1958 period is given  immediatclp M o w  thc: rc.giorlnl designator. T h ( x  percr:ntnge figures refrr  to  the  contri- 
bution of each region t,o the  total  number of hurricarles. 

reason  to  believe that  the conlpleteness,  consistency, m d  
nccuracy of tjhe information  provided are as good  as C ~ I I  

be expected from  the  available  records. 
The  synoptic  coverage  over  the oceal~ areas  has i n l -  

proved  over the  years,  especially  since  the  advent of 
aircraft  reconnaissance. Some increase  in  thc report,ed 
frequency of tropica'l  cyclones  sllould  therefore be expect ed 
and  this  increase  would  probably  be  more  apparellt i l l  

t,he  statistics for the  smaller  and  weaker  storms  than for 
t,he  larger  and more int'ense ones. In the  hope or attairl- 
ing R more  homogeneous data smnple,  we have restricted 
our  attention to those st'orrns whicll were  shown as having 
attained  hurricane  intensit'y a t  some  time  during  thcir 
life history.  There is some  question of how 1nuc11 is 
gained by t8his  restriction  since d a h  relthng  to  t 'hc intcrr- 
sity  and  to  the  place of formation of individual  storms are 
undoubtedly  much  less  reliablc  during the earlier  portion 
of the  record. 

The published  hurricane  tracks [3] cover  the periocl 
1886-1958 while the  typhoon  tracks [a] cover the period 
1884-1953. In  this  study,  the  period 1886-1958 has becll 
used and we have  added  typhoon  information  for  the 
period 1954-1958 from  the  "Trnjectorics of Tropical 
Cyclones" prepared  annually by  the Japanese Mcteoro- 
logical  Agency. For our  purposes  we have considcrd 
the beginning  point of t'he  hurricane  (or  typhoon)  portion 
of the storm track as the  formation  point. 

The  areas  in  the  Atlantic  and  Pacific  considered  in  this 
st'udy  are  shown  in  figures 1 and 2 .  The  two  ocean areas 
have  been  divided  into  four  regions  in a rat'her  arbitrary 
manner.  Statistics  on  the  average  number of storms  or 
hurricane  intensity  per  year  forming  in  each of the 
regions and  the  percentage  contribut'ion of each region to 

the  total  stortll  populutioll  ol  each  ocean  rea are shown 
on thesc: figures. Some of the regions  such as the  South 
('Ilina Sca, the Gulf of Mexico, and  the  Caribbean  repre- 
sent  natural geographicttl  divisions. The  lurtllcr division 
of thc, Atlantic  and Pacific areas (figs. 1 and 2 )  is arbitrary 
but,  in a rougtr way  t'he  primary  fortnation  area  in  each 
ocean is separtltcd  from  secondtiry  formation  areas. 
Ne:rrly t'wo-thirds of the  typhoons  originate  in t,he 
Pacific 1 region and  over 40 percent of the  hurricanes 
originate  in the Atlantic 1 region. In  the Pacific, we 
scpnratcd  out t l l o  storms  fonning at, relatively high 
latitudes, but,  primtlrily  because of the  smlller  number of 
storms  involved, no division of this  type  was  made for 
the  Atlantic. 

Data  for the Pacific I1 region  cannot be considered 
very  reliable. The tracks prepared  by C'hin [Z] extend 
only as far east' as 150' E., and we have  simply assunled 
that all typhoons  crossing  this  longitude from the  east 
originated  in  the  Pacific I1 region. In   many cases, 
typhoons  forming  in  this  region m a y  hive  moved  into 
the  nlitltlle latitudes  without  moving  west of 150' E. and 
therefore do not  appear  in  our  data.  There  are  other 
reasons, discussed  below, for believing that  the reliability 
of the  dttta  for  the  Pacific II region is sonlewhat  less  than 
that'  for  the  other regions. 

The  Atlantic  and Pacific  areas  could, of course,  have 
been  divided  quite  differently  than was done  in  this  study 
and it  is  possible that  more  meaningful  results  could have 
been  obtained b y  some other  division.  However, we 
w-ere not'  sufficicntly  encouraged by the results we ob- 
tained  to  experitncnt  with  furt'her  subdivisions of the 
Atlantic ant1 Pacific  areas  or  to  consider the other  tropical 
cyclone  fornlation : m a s ,  i.e.,  the  eastern  Nort'h Pacific, 
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the western Sout'h Pacifica, t l~e   Bay  ol Bengal, Arabi:ltI 
Sea, or the wrstern  South  lnclian O c w l n .  Tnclusion of 
data from these  additional areas would  entail :I greatj  deal 
of work since  annual  frequency  statistics are not  rc:tdily 
available l'or extended  periods. 

3. TROPICAL CYCLONE ACTIVITY  IN THE ATLANTIC 
AND  WESTERN PACIFIC AREAS 

The total number of tropical  cyclones  occurring  each 
year over the  major ocean  areas  varies  over :1 T d y  large 
range. This  variability  is  illustrated by- the (xrvrs of 
figure 3 which  depict the arlnuttl numbrr of storlns of 
hurricane intensity which  occurred  in tile complete 
Pacific and  Atlantic are:Ls (figs. 1 and 2 )  during  the  period 
1886-1958. Act'ivity  in  t'he Pacific  is n o r t d l y  nluch 
greater than  in t'ha  Atlantic  with the respective tne:tn 
frequencies 15.3 and 4.6 storrns  per year. Tnclusion of 
weaker stornls  led to the  higher  values of 21 .I  and 7.8 
given for typhoons  and  hurricanes by Dull11 [4] and 
Riehl [7]. 

A frequency  distribution of the  total  nulnber of hurri- 
canes per  year  (table I )  shows tr range from 0 to 11  storms 
with a rztther pronounced  peak  in  the  distribution. 'l'hree 
or four hurricanes  were  reported  in 28 of the  gears and 
more than  70  percent of the  years reported from 2 to 6 
occurrences. The Pacific  statist,ics  (table  1)  show a t'ot'al 
range from 5 to 37 typhoons  with a distribution  which 
has a rather  broad  plateau  with  about 75 percent oI' the 
years reporting  from 11 to 18 storms. I t  is trpparent 
from the  curves  in  figure 3 that  activity  in  the two ocean 
areas is not'  highly  correlated. The  linear correltttion 
coefficient between  the  annual  frequencies  in  the two 
areas is +0.04. 

Althougl~ t he intcr:ml~u:d  variability  shown by t,lw 
(xrves in  figure 3 is very greitt, there are cases in  both 
areas w7he11 the  activity  during nlost. years of extended 
periods 11:~s tended to be somewhat  above  or below the 
long-tern1 average. I n  t ~ l  attempt to bring  out some of 
the  longer-term  variations, tr smoothing of the  annual 
frequencies was carried out  by  preparing  running  &year 
tne:ms I'or the two areas (fig. 4). The  smoothed curves 
show,  perhaps a little  more  clearly  thnn t'hose of figure 3, 
that'  there IMS been R definite  tendency  for  an increase  in 
the reported nunlber of hurricanes  and  typhoons  during 
the   hs t  20 years of the  record.  At  least to some  extent, 
this irlcrezrsc may be due  to  the  increased  synoptic cover- 
;lge over  the t r o p i d  o(8earIs. However,  it is of interest 
that  there htrs not been a continual  trend of this  type 
through  the  period oI' record.  There was a  trend  toward 
decre:tsing frequencies  in  the  Atlantic  which  extended 
from the beginnitlg of the  record  until  about 1910. No 
such  trend  is  apparent  in  the typhoon data. 

The  smooth  tvphoon  curve (fig. 4) shows a number of 
oscillnttions with a spacing  between  adjacent  crests  and 
t,roughs which varies from 5 to 9 years.  These oscillations 
arc also  appm-ent  in t'he annual  t'otals (fig. 3).  The 
avertLlgr period  deterrnined from the  complete record is 
about, 12 yetrrs. Since  this is close to the mean  sunspot 
period, an at,telnpt was made  to  relate  the  maxima  and 
Iuinilna in  the  typhoon  curve wit,h  those  in  the  sunspot 
frequencies.  During most of the period of record,  ty- 
phoons  were most freyuent  during  periods of increasing 
sunspot'  activity  and  less  frequent  during  the  periods of 
decreasing  activity.  However,  the  period  prior to 1895 
ant1 that, following  1945 do not fit into  this  pattern. 
Therefore,  we are inclined  to  think  that  the  fairly close 
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FIGURE 3.-A plot of the  annual number of typhoons (solid curve)  and  hurricitnrs  (dashed  curve) for the  period 1886-1958. 

TABLE I .-A freguency  distribution of the annual   number of hurricanes 
(typhoons) ,[or the Atlantic  and  Pacijic  areas  and  the  regional  divi- 
saons. The  entries in the  table  are  the  actual  number of years  the 
individual  values  shown  on  the  left  were  reported. G, C,  and S 
refer to Gulf of Mexico,  Caribbean,  and  South  China  Sea,  and A I ,  

the  Atlantic  and  Pacijic  areas  (jigs. 1 and 2) .  
A I I ,   P I ,   P I I ,  and P I I I  to  the individual numbered  regions  within 
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correlation  between  the  sunspot  curve  and  the  typhoon 
frequency  curve  during the  period  lrorn 1900 to 1940 
may  be  fortuitous. 

4. REGIONAL TROPICAL CYCLONE ACTIVITY 

The tropical  cyclone  frequencies  for  the  four regions 
in  the  Atlantic  and t'lle  Pacific have  been  used  in an 
attempt  to  associate  anomalous  act,ivity  in  the various 
areas. Five-year  running rneaw of the  type shown in 
figure 4 were  prepared  for all the reglorls in  the  two ocean 
areas and correlation coeificients were  computed  from  the 
annual  frequency &ita for  t'he  individual  regions. 

Tn the Pacific,  nearly  two-thirds of t'he  storms formed 
in Pacific I region (fig. 2). As  would be expected,  the 
general  features of the  curve of the  overlapping 5-year 
Illems for this region are  similar  to  those  for  the total 
t,yphoorl  curve (fig. 3 ) .  For  t'his  reason,  t'his  curve has 
not been reproduced.  It' was also  felt that  110 purpose 
would  be  served  in  presenting  t'he  curve  for  the Pacific 
TTT region  since the  fluctuations  are small  and irregular. 
A frequency  distribution of the  number oi t'yphoons in 
each of the  regions is shown  in  table 1. 

The 5-year  overlapping Inearls for  the  South China 
Sea and Pacific TI regions (fig. 5 )  show  several  interesting 
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FIGURE 4.-A plot of the running  5-year  mean  frequency of typhoons  (solid)  and  hurricanes  (dashed)  computed  from  the  values  plotted 
in figure 3. 

and relatively  large  variations  during  t'lle  period of rccord. 
The  activity  in  the  South  China  Sea  region is shown  to  be 
relatively st'eady  except  for  t'he period prior to 1900. 
This curve  appears  very  questionable and it would see~n 
likely that Inany of the  storms  first'  report'ed  in  the  South 
China  Sea during  this  period  actually  formed  farther 
east,. Perhaps  this  change  in  the  reported  nunlber of 
typhoons  forming  in the  South  China Sea can  be  accounted 
for by  an  increase  in  the  amount of data  from  tlle :wet] 
of the  Philippines.  Another  feature  which  suggests  that 
the  earlier portion of the record  should be  treate,d  with 
caution is the  fact  that  there were no storms  shown  form- 
ing east of 145' E. (region TI) before  1905. 

The  annual  frequency of typhoons  in region T I  has 
varied over a very  large  range.  It would  seem likcly 
that  during  the  peak periods  in 1905-1910 and  around 
1918 the  annual  frequency was greater  than  reported 
in the  record.  This is suggested by t'he  much  higher 
values around 1940 and 1958  when observations  were 
much more  plentiful  and by tlle  fact  that  activity did 
not go to zero during  periods of rninirnal t d v i t y  RS was 
shown in  the earlier part of the  record. 

The  marked  maxima  in 1940-1942 and 1957-1958 for 
the  Pacific 11 region  offer important  contribut'ions  to  the 
maxima  shown during  the  same periods  in  the  total 
typhoon curve (fig. 4).  However,  during  both of these 

periods  there  was  a  slight incrense in  the  number of storms 
forming  in  the  Pacific I area. 

The  activity in the  Atlantic I region  constituted  about 
42 percent of the  total  number of hurricanes over the 
period of record.  The  curve of the  overlapping  means for 
this  region has not been  reproduced  since  there were very 
few extended  periods of' anomalous  activity except  for 
those  corresponding  to  the  major  features of the  Atlantic 
curve (fig. 3 ) .  The  fluctuations  are  somewhat smaller 
in the regional  curve  wit)h  t'he  means  ranging from about 
1 to  4  storms  per  year.  The  curve  for  the  Caribbean is 
not'  shown  since  fluctuations  are  quite  small  and  nothing 
in the  nature of long  period  fluctuations is indicated.  The 
activity  in  the Gulf of Mexico and in the  Atlantic I1 
regions  was  slightly  more  variable and  the  running means 
for  t'hese  areas  are  shown  in  figure  5. 

Comparison of the  curves of the  overlapping  means for 
the  various  regions is perhaps  helpful  in  detecting correla- 
tions  between the  longer-term  trends  in  the  various areas. 
However,  these  curves  can  be  rather  poor  indicators of the 
degree of correlation  between  annual  frequencies  in  the 
individual  areas.  For  example,  a  negative  correlation 
between activity in  t'he  Gulf of Mexico and  the  Atlantic TI 
regions  is  suggested by  the  cnrves of figure 5 ,  and  the linear 
correlation coefficient computed  from  annual  values  read 
from the  overlapping  means  was  -0.27.  However,  the 
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correlation computed from the observed  :tnnuttl totals for 
the two areas was  essentially  zero. 

The linear  correlation coefficients  between :tctivity  in 
the individual  Atlantic  regions range from $0.19 to 
-0.13. These  extremely smdl   vducs suggest'  there is 
little or  no  association  bet'ween  activit'y  in the  dieerent 
regions.  Since the seasonal  distribution of hurricanes, 
as discussed  below,  is quite different  in some of the regions, 
interregional  correlation  coefficients  were  cornputed  for 
the  August  and  September  period  when  most  hurricanes 
occur.  These  were  different but were  no  higher thtm those 
previously mentioned. 

The linear  correlation coefficients  for the  individual 
Pacific  regions are  also  very  small  except  for  a  -0.40 
value  between activity  in  the  South  China  Sea  and Pacific 
I regions.  Since we have  questioned  the  accuracy of the 
early  portion of the  South  China  Sea  record,  this  conlputrt- 
tion  was repeated  omitting  the  portion of the  record  prior 
to 1905. The  correlation  was  srnaller (-0.27) but' was 
still  much  higher  than  any of the  other values. In com- 
puting  the  values  for  the  Pacific I1 region the period 1905- 
1958 was  used  since the earlier  portion of the record is 
completely  devoid of storms. 

Correlation  coefficients  were  also computed  between  the 
Atlantic  and Pacific  regions. The highest  value  obtained 
is a $0.18  between the  Atlantic I and Pacific I1 regions. 
We can  suggest  no  reason  for a higher  correlation  between 
activity  in  these  regions  than  between  t'hat  in  other  regions 
and we are inclined to  think  that  this  value  may  be  spuri- 
ous. The correlation  between  the  total  activit,y  in  the 
Atlantic  and Pacific, as  mentioned  above, is f0.04 and  the 
correlation  between the  primary  formation  areas  in  the 
two  oceans  (Pacific I and  Atlantic I) turned  out to  be 
-0.02. 

This  itlvestigation of the  vi~riafions of tropical cyclo- 
genesis within  the  intlividud  regions  has not been  very 
rewarding tis far as estilblishing  recurrent> patterns  or in 
associtltirlg activity in the  various  regions.  The  only 
: l r e t~  which showed l u g e  fluctuations in. the  iintlud 
lrcquency of t'ropicttl  cycloncs  were the  Pacific IT and, 
to n much  srnaller extent,  the  Gull of Mexico  regions  (fig. 
5 ) .  The  linear  correlation  between  activity  in  the  individ- 
uul rcgions wtls extremely  small  except for the  South  China 
Sea m d  Pacific 1 I regions. 

5. SEASONAL DISTRIBUTION OF TROPICAL 
CYCL,ONES 

The  tropical  cyclone  data  for  the  Atlantic  and Pacific 
areas I ~ U V C  been  exitmined in 2111 attempt  to  determine if 
there  arc tlif€ererlces in  the  seasonal  distribution of hurri- 
canes ilKld typhoolls  during  years of unusually  high  and 
low activity.  Before  presenting  these  statistics,  some of 
the  prominent  features of' the  mean seasorla1 distribution 
of storm  activity lor the 1886-1858 period will be surn- 
mnrized  for the  two  ocem  areas  and for the regional  sub- 
divisions (table 2 ) .  I n  this  table  the  mean  monthly 
frequencies  have  been  expressed  in  terms of' percent of the  
mean  arlnual  frequency for  each of the specified areas. 

The  Atlantic  tropical cyclone activity is concentrated 
in the period  August'  through  October  with  nearly  85 
percent of the  storms  occurring  during  this period  (table 
2 ) .  About 60 percent of the Pacific storms  occur  during 
this  same  3-month  period. 

There  are  rather  marked  variations  in  the  seasonal dis- 
tribution of hurricanes  in  the  four  regions.  These in- 
clude the relatively  high  proportion of Gulf of Mexico 
storms  in  June  and  July,  t'hc  very high proportion of 
Caribbean  storms in October, and the  fact  t,hat half of 
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TABLE Z.--dfean monthly  ,freylaency o,f hurricanes  and  typhoons ex- 
pressed in percent of the  annual  total ,for the indiuidual  ureas. 

means  were taken f o r  the  period 1886-19,58. 
These  statistics  refer  to  tropical c!yclones o j  hurricane  intensity and  

~ _____ - 

ATTANTIC 

1 Jan Feh Alar 9pr May Jun .Tu1 Aug Sell Oct N o r  I)?(. 

South China 
Sea ___. ~ . . . ~  0 .5  0 . 9  0.0 1 . 4   7 . 4  1 2 . 2  22.3 13.0 1 7 . 7  14.4 9.3 0 . 9  

Pacific1 .".. ~. 
1 . 8   1 . 8   4 . 4  2 .6  5.3 3 . 5  22.8 21.0 18.4 X 8  4 . 4  5 . 3  Pacific11 -..." 
1.6 0.1 0,:i   1.3 3 . 3  ? . I  1f i .X  22.2  21.6  14.9  10.8  3 .1  

1 . 3  0. 6 0 .  F 1.3 1. 1 5. 6 18. 7 21. 5 20. 5 14. 0 Y.2 2. 7 .411 typhoon?..- 
1.2 2. 4 0. 0 0 . 0  1. 2 3. 6 20. 2 35. 6 21. 4 11. 9 2. 4 0.0 Pacific Ill-.." 

the Atlantic TT hurricanes  form  in  September.  The 
bimodal charact'er of the  distribution  in  the Gulf of hlexico 
and the complete  absence of activitJ-  prior  to  August in 
the Atlantic I1 region are also interesting  features.  These 
features have, of course,  been  pointed  out by  other in- 
vestigat>ors  (cf. [4]). 

The  aetivity  in  the Pacific  regions tends to be spread 
out through  much  more of t'he  year and the contribution 
from the  peak morlt'hs is relativelv  small  compared with 
some of the  Atlantic  regions.  The  mean  duly  activity for 
all regions  in the Pacific is appreciably  higher  than  that 
in the  At'larltic  while,  in  t'erms of the  percentages, t h e  
October activity is less.  However,  t'lle  decrease in activity 
between September  and  October is greater  in  the  Atlantic 
than  in the Pacific. The  variations of the  seasonal  dis- 
tributions  in the  individual regions from  the  mean of the 
whole area  are  considerably  smaller in the Pacific than i n  
the Atlantic  data. A bimodal  distribution is shown for 
the South  China  Sea,  somewhat  analogous  to  that  for  the 
Gulf  of Mexico, and  a  rather  marked  August  maximum 
is shown for the  storms  forming  north of 2 5 O  N. (region 
ITT). 

The  first' attempt  to  study differences it1 the seasonal 
distributions  during  periods of maximal  and  minimal 
activity made use of periods  defined by the  5-year  ovcr- 
lapping means.  Four-year periods  centered  about each 
of the  five most  prominent  peaks  and  troughs of the  two 
curves in  figure 4 were  selected and averages  were  com- 
puted. The differences  in the  monthly  dist,ributiorl of 
storms during  the  maximal  and  minimal  periods  are  very 
small. The differences are  somewhat  greater, espccially 
in the  Atlantic, if the  maximal  anti  minimal  statistics  are 
defined from  the  annual  frequency  data  rather  than  from 
the overlapping  means. In this second approach, we 
selected for  each  ocean area  the  individual  years  in which 
the annual  frequency  was  greater or less than some arbi- 
trary  value.  These  values  were  selected so that  about 20 
percent of t'he  years would be classified in the  maximal 

TABLE 3.--Same as  table 2 except mean  monthly percentage  frequency 
values refer to  years of nlaximal and  minimal  activity awing the 
1886-1968 period  as  specijied in the  text. 

_ _ ~ ~ .  

I IURRICANES 

i Jan Feh Mer Apr May .Tun Jul Aug Sep Oct  Nov Dee 
_____-________ 

1R.Iinimal ."."I Maximal . ~ ~ ~ . ~  

I 
2 .9  2 . 9  25.7 42.9 20.0 2 .9  2 . 9  
5.1 10.2 27.6 35.7 16.3 4 .1  1 .0  

~- - 

TYPIIOONS 

I 
! Jan Fch Mer Bpr Mag Jun Tu1 Aug Sep Oct  Nov Dec 

Maxlnlal..-.. 
2 . 2  1 .5  0.0 0.7 5 . 2  6.7 17.0 20.8  19.3 14.8 8 . 9   3 . 0  minim el^..-." 
1 .6  1.6 1 . 0  2 .3   5 .0   5 .3   21 .4  20.8 21.1  8 .6   6 .9  4 . 3  

and in the  minimal  category.  The  maximal  and minimal 
data were computed  in  the case of hurricanes  for  years 
with 8 or more  and 2 or fewer storms; for  typhoons  t'he 
numbers were 18 or  more  and 11 or  fewer. The number 
of years  involved  varied  from 12 to 18. 

The  mean  percentages of hurricanes  and  typhoons 
forming  during  the  individual  months  for  the periods of 
maximal  and  minimal  activity  are  shown  in  table 3. 
Statistics of this  t'ype  are  not'  presented for the regions 
since  in many cases  t'he number of storms was quite 
small  during  the  minimal  periods.  However, some of the 
interesting  features of the regional  distributions  during 
the  maximal  and  minimal  years, defined  in terms of 
activity in the complet,e area,  are  presented. 

The differences  between the seasonatl distribution in 
the nlaximal and rnininlal  years and bet'ween  these and  the 
tlletln distribution for the  complete  record  (table 2) are 
extremely  snlall in the Pacific data.  The  greatest differ- 
ence  is in the  October  data  where  the  activit,y  during  the 
tnaxin~al  yews  is  about 5 percent below the long-term 
average. 

The  Atlantic  data  suggest  that  there is a slight difference 
i n  the seasonal  distribution of hurricanes  during  the 
gears of high and low frequency.  This is most  marked in 
the increased  relative  frequency of June  and  July  storms 
in the maxirnal data.  The  data  for  the minimal  years 
are  very  little  different  from t.he mean of the complete 
record (t>i-Lble 2 )  except' that,  the August-October  peak is 
I I  little  more  pronounced. 

Most of the increased activity in July  during  the 
yc:~rs of highest'  frequency  did  not  come  from  the Gulf of 
Mexico  where,  in the  mean,  July  storms  are  most  frequent, 
but from the  Atlant>ic I region  where July  activity is 
relatively  rare.  During  the  maximal  years,  hurricanes 
i n  the  Atlantic 1 region  were near1.v as  frequent in  August 
ws in September while  in the  minimal  years  September 
storms were four  times  as  frequent  as  August  storms. 
June  and  July  activity was  shown  in  the  Caribbean in  t'he 
nlrrxirlml sample  but was completely  lacking in the 
minimal data.  The  number of cases  involved  in  most of 
the regional  distribut'ions  was  rather  small  and some of the 
differences noted  above  probably  have 110 significance. 
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